Orchids of Paphiopedilum genera, commonly known as lady's slipper orchids, are popular as potted plants. Nearly 131 species have been reported worldwide, among which 9 are found in the states of North East India. Paphiopedilum villosum (Lindl.) is one such species which is listed under vulnerable category in the latest version of the IUCN Red Data Book 1 . Its area of occupancy (AOO) is limited to only 56 sq. km in the world and its population trend has reduced significantly in recent decades. The species is protected under Schedule VI of the Wildlife Protection Act of India. Utilization of only cultivated specimens in the trade and long-term community-based conservation to protect the habitat and species has been recommended by IUCN. Development of a simple protocol for its multiplication is highly required to achieve the same. The seeds of this terrestrial species lack endosperm, cotyledon, root initials and do not germinate on their own ex situ 2 . In vitro propagation of terrestrial orchids is difficult due to their highly specific requirements for seed germination 3 , and appropriate combination of auxin and cytokinins was found effective [4] [5] [6] . Several efforts have been made worldwide for in vitro seed culturing of P. villosum 7, 8 , Paphiopedilum wardii 9 and Paphiopedilum spicerianum 10 . Here we develop an easy and effective protocol for in vitro multiplication of this vulnerable category of orchids. We have used a combination of media and phytohormones in such a way that we can use a single medium which will enhance germination and bypass the process of callus formation and somatic embryogenesis and follow the path of seed germination-protocorm like bodies (PLB) formation-shoot induction/growth and root induction/growth efficiently in a sequential manner. Auxin concentration of 0.50 ppm has been standardized as optimum for all these processes 11 . Supplementation of different concentrations of 6-benzylaminopurine (BAP, @ 0.25, 0.50, 0.75 and 1.00 ppm) in combination with standard concentration of -naphthaleneacetic acid (NAA; i.e. 0.50 ppm) was done to develop a common medium for the overall process of seed to plantlet development.
Seed setting was obtained by hand pollinating with mixed pollen (pollinia) collected from different accessions. Mature capsules were harvested at 180-200 days after pollination. Microscopic examination (Leica DM 2500) of seeds revealed that the average length and width at the widest part of seeds were 816.97 and 184.45 m respectively (Figure 1 c) . The capsules without any crack on their surfaces were utilized for seed culturing. Capsules were washed under running tap water and then soaked in 2.0% (w/v) suspension of carbendazim 50% wettable powder (trade name: Bavistin) for 30 min, followed by rinsing in sterile distilled water. These were further sterilized with 75% (v/v) ethanol for 30 sec and then dipped into 0.1% HgCl 2 for 10-15 min followed by thorough rinsing in sterile extra pure water. The capsules were then dipped in 90% ethanol and the surface incinerated using a  Bunsen burner for 4-5 sec. Finally, they were cut into two pieces by sterilized scalpel and the seeds extracted by sterilized spatula for inoculation on the medium. The extracted seeds were placed on the medium amended with sucrose, activated charcoal (AC) and plant growth hormones in 250 ml glass bottles (height 13 cm, circumference 24 cm), which were then sealed with a plastic cap and made airtight with parafilm. Three different fullstrength basal culture media, namely MS (Murashige and Skoog medium) 12 , G (Gomborg B5 medium) 13 and N (Nitsch medium) 14 were used. Sucrose (20 gl -1 ), AC (2 gl -1 ) and -NAA (mol. wt. ) was added to G + NAA, N + NAA and MS + NAA. Thus a total of 12 treatment combinations were used for the experiment ( Table 1 ). The pH of the media was adjusted to 5.8 by adding 1 N KOH or HCl. The media were autoclaved for 20 min at 121C and slanted media were prepared. Solidification of media was done by adding 10 gl -1 agar. At least 50 seeds were used per bottle, and the treatments were tested in triplicate. Seeds were placed under a 16/8 h (light/dark) photoperiod with light provided by 40-W cool-white fluorescent tube lights at temperature of 25  2C. No sub-culturing was carried out till PLBs were formed from the seeds. After the PLBs were formed inside the culture bottles, they were divided for subculturing in their respective amended medium and were kept undisturbed till the development of whole plants with full grown shoots and roots. No separate media was used for shoot and root induction. Data were recorded for various traits like time for initiation of germination (weeks), time for greening (weeks), time for PLB induction (weeks), time for shoot emergence (weeks), shoot length (cm), number of leaves/shoot, time for root initiation (weeks), number of roots/shoot and root length (cm). Data analysis was carried out by MS-Excel and SAS 9.2 software. Earliest germination (6.67  2.52 weeks) was recorded in Nitsch medium supplemented with 0.25 ppm BAP and 0.5 ppm NAA (hereafter known as M5), while it took 11.67  2.52 weeks in case of MS medium containing 0.5 ppm BAP and 0.5 ppm NAA. PLBs formation was also recorded earliest (14.00  2.00) in M5, which was significantly different (at 5% level) from all other treatments, except Gamborg medium + 0.25 ppm BAP + 0.50 ppm NAA. PLB induction was slowest in MS media irrespective of combination of hormones. The relative advantage of germination duration and PLB formation continued in further growth stages for a particular treatment. Shoot induction occurred after 20.00  2.00 weeks, and root induction was observed at 26.00  2.00 weeks, which were significantly earlier compared with other treatments. Highest shoot and root lengths besides number of leaves per shoot and number of roots per shoot were also observed in M5. Except for number of leaves per shoot, the other three parameters displayed significant differences among the treatments both at 5% and 1% level. The length of shoot varied from 1.48 cm to 5.37 cm, whereas the length of root varied from 1.43 cm to 5.23 cm among the treatments. The range for number for leaves/shoot in all treatments was narrow (3.00-3.67), except in case of Nistch medium containing 1.00 ppm BAP + 0.50 ppm NAA (2.33). The number of roots/shoot varied from 0.67 to 4.33 among the treatments. For the treatment containing Gamborg medium + 1.0 ppm BAP + 0.50 ppm NAA, many of the plantlets backed roots.
All the nine studied parameters were further subjected to multivariate analysis of variance (MANOVA), which tests for the difference in two or more vectors of means and uses the covariance between outcome variables in testing the statistical significance of the mean differences. The 12 different treatments were considered as class variables to compare their effect on the characters under study, besides comparing the effect of M5 versus the rest. Overall media effect was significant in MANOVA test criteria (P value = 0.01 in Wilks' lambda statistics). Contrast analysis clearly showed that M5 was significantly different from the other treatments (P value < 0.0001). The character combinations showing significant partial correlation coefficient between each other for the nine traits were IGW-NDGW (0.91, P value < 0.0001), IGW-PLBIW (0.42, P value = 0.04), NDGW-PLBIW (0.55, P value = 0.004), PLBIW-SEW (0.69, P value = 0.0001), PLBIW-RIW (0.64, P = 0.0006), RIW-SEW (0.89, P < 0.0001) and NLPS-RLC (0.47, P = 0.02).
Studies with related genus Cypripedium indicated that relatively low concentration of cytokinins is more effective for germination 3 . In the present study, increasing the concentration of BAP beyond 0.25 ppm delayed germination in all the three media. For induction of PLB or shoot buds, combinations of exogenous BAP and NAA have been used in many orchid species. Orchid explants have been reported to generate PLB in response to auxin and cytokinin 15 . In Spathoglottis, a lower ratio of BAP : NAA promoted PLB formation from seedling nodal explants, but a higher ratio induced shoot formation 16 . In the present study, M5 showed the earliest germination and PLB formation besides the best result for induction and growth of shoots and roots. In all the combinations of auxins and cytokinins, PLB developed into plantlets. However, lower concentration of auxins and cytokinins promoted healthy plantlet development and favourable root induction. With the initial growth advantage with lower BAP concentration, the M5 treatment could lead to earliest shoot emergence, root initiation, highest shoot length, number of leaves per shoot, number of roots per shoot and root length. Figure 2 shows the different growth stages.
Overall, the present study was able to identify a suitable single medium for developing plantlets of P. villosum, which provides a simple and cost-effective method for propagation of this rare and endangered orchid of high commercial value. In an effort to protect this species from being extinct, tissue culture-raised plantlets may be reintroduced in natural habitats after hardening. 
